This paper evaluates the learning outcomes of a junior-level course designed to serve as a preparation for the Capstone project in the senior year. In this course, students go through the critical steps in the design and development process to deliver a prototype at the end of the semester. Assessment of outcomes is performed through direct measurements of student performance with the use of specific performance indicators that are established for each outcome. Some data from student self-assessment is also used to evaluate the student perceptions about certain outcomes. Student perceptions are quantified by using data collected from two sections of the course taught by different instructors in Spring 2014. The course is specifically designed to prepare the students for the Capstone project and at the same time incorporate components to achieve learning outcomes (or student outcomes in ABET 1 literature) that are difficult to achieve in the rest of the engineering curriculum. These learning outcomes include student ability to function effectively as a member of a diverse and interdisciplinary team, student understanding of professional and ethical responsibilities, student ability to understand the impact of technology in a societal context, and student ability to grasp engineering projects in a holistic sense. The course is designed to be a part of the project-based learning sequence and is expected to prepare students for the challenging senior year projects where students are required to demonstrate a strong ability to synthesize and integrate the skills learnt from the previous years. This course serves as a scaffolding 2 to assist the junior students in developing critical skills for solving problems associated with open-ended projects that may have multiple solutions, conflicting requirements, as well as technical and non-technical constraints. This course attempts to mitigate the steep learning curve that students often encounter in their senior year. Student self-assessment indicates that students are satisfied with team functioning, and students recognize the importance of interdisciplinary teams. Direct assessment results indicate that three outcomes are met. Preliminary data indicate that the course serves as a sound preparation for the Capstone project.
Introduction
A Capstone project is commonly acknowledged as an important milestone in the engineering and engineering technology curricula. This project serves as a culminating experience for students in their senior year where they can synthesize content from multiple courses in order to deliver a product or a solution to a technical problem. Many institutions offer a two semester project with students allocating the first semester for studying the background, for reviewing possible designs, and for planning their activities. The second semester is typically spent on execution of plans, build, fabrication, assembly and testing of a prototype. It may, however, be noted that there are quite a few institutions where the Capstone project is completed in one semester. It can be arguably stated that this is one of the most challenging courses in the engineering curriculum, Page 26.1074.2
and students often indicate that they don't feel prepared when they commence their project that is typically vaguely described without a prescription of steps that are needed to solve the problems associated with the project.
Project-based learning (PBL) is a well-recognized pedagogical approach that is known to strongly motivate students and enhance student learning. 3, 4 Using PBL allows incorporating open-ended projects into the curriculum. These projects could have multiple solutions, and often require students to make trade-offs. This allows the students to apply the concepts learnt in the class and thoughtfully consider project requirements and constraints while seeking possible solutions. PBL also allows the instructor to integrate oral and written communication components into the course through required presentations, project reports and team meetings. The application and hands-on components of PBL are especially crucial in an applied science program such as engineering. Also, it is argued in this paper that integrating a PBL course in the junior year curriculum can serve as a very good preparation for the Capstone project.
While it is extremely important to design engineering curriculum so as to meet specific program outcomes and deliver specific content, it is being increasingly recognized that a focus on innovation and problem solving needs to be an inherent component of the curriculum. This has made a Capstone project all the more important. Engineering students are commonly reported to identify the Capstone project as the most fulfilling learning experience in their degree program. 5, 6 However, they are also very vocal about being unprepared for the project. Using a scaffolding approach allows students to get assistance until they develop critical skills and gain confidence, and until they demonstrate a specific level of problem solving capability. 2 This approach is extremely beneficial when students are working on open-ended problems that may have multiple conflicting requirements. Such an approach allows for an opportunity to help students in solving problems with the expectation that they will require lesser help for the Capstone project. This paper presents the course content and learning outcomes of one such course that is designed to serve as a preparation for the Capstone project. Furthermore, this course is designed so as to achieve certain program outcomes that are challenging to achieve in the rest of the engineering curriculum. Achievement of ABET 1 student outcomes such as outcomes 'd', 'f', 'g' and 'h' is often very challenging since most of the courses in the sophomore and junior years are focused on delivering content related to subject matter. The course discussed in this paper attempts to provide a means of achieving these important outcomes while preparing students for the Capstone project. These outcomes are evaluated using direct assessment methods. Furthermore, student perceptions on the achievements of some of the outcomes are also evaluated as an indirect means of measurement. Such measurements are expected to help instructors to come up with possible ways of improving the delivery of course content while enhancing student engagement. 
Course Content and Learning Outcomes
The course content has been selected so as to provide a background in the engineering product design and development process while introducing students to interdisciplinary teamwork in open-ended projects. Students also get introduced to prototype development, concepts in robust design, aspects associated with product reliability and manufacturing constraints. Since students Page 26.1074.3 enrolled in this class are from diverse engineering and technology programs, the emphasis is on the design process instead of the design of specific electrical or mechanical parts. The course content includes a project that the students work on during the semester to develop an alpha prototype. Students work on the projects in teams with three to four students per team, and each team consists of at least one mechanical and one electrical student. The deliverables for the projects include reports at different stages of product development, a financial analysis, a proofof-concept and a functional alpha prototype. The students also present a business case at the end of the semester to show case the product and demonstrate the viability of launching a start-up organization with the product that the team has developed. Written and oral communication components are intertwined with the project deliverables through required project reports and oral project presentations. The course is worth three credit hours with the contact time distributed into two separate hundred minute sessions per week. Typically, one of the two sessions every week (except for the first four weeks) is used for project activities, team meetings and prototype development. The outline of the course content is shown in Table 1 . Table 1 lists the student deliverables that are used for the assessment of learning outcomes. However, it may be noted that all these deliverables, except for the presentation in Week 1 and the essays, are group deliverables. This makes it challenging to assess individual student contributions. The instructors teaching this course developed a peer evaluation rubric in which team members rated each other's contribution. This rubric is shown in the Appendix. This course serves as a precursor to the Capstone project that the engineering students are required to take in their final year of study. Also, this course is the third course in the sequence of PBL courses and is expected to inculcate skills in engineering design and development, use of analysis tools, development of professional and communication skills, understanding of professional behavior, business ethics, commercial constraints, project management, team work skills, etc. Teaching these skills is very challenging in other engineering classes that are generally focused on delivering a lot of content. While most of the course content was delivered as part of the project requirements, it may be noted that industry speakers were invited to deliver 45 minute lectures to cover a few topics such as the need for continuous professional development and the importance of professional behavior.
The learning outcomes identified for the course discussed in this paper are as follows: 1. Students develop an ability to function on multidisciplinary teams; 2. Students develop an understanding of professional and ethical responsibility; 3. Students develop an ability to communicate effectively; 4. Students comprehend the impact of engineering solutions in a global, economic, environmental, and societal context; 5. Students develop a recognition of the need for, and an ability to engage in life-long learning. These learning outcomes are identical to ABET 1 student outcomes: 'd', 'f', 'g', 'h' and 'i' respectively.
Project teams are required to make two oral presentations to the rest of the class -one during mid-semester (Week 8) to present the proof-of-concept, and the other one (during the final examination week) to demonstrate the alpha prototype and present a business case for the product that has been developed during the semester. All the reports for the project are planned so as to focus on a specific stage of the product development process. These reports are expected to allow the students to spend time on resolving trade-offs or conflicting requirements or selecting the final concept. The assessment map used for directly measuring and quantifying the achievement of each learning outcome is shown in Table 2 . Some of the projects that were assigned are as follows: development of a moisture meter alarm that can be installed in a house to indicate high levels of humidity, development of a low budget water purification system that can be used in rural areas with minimal maintenance requirements, and development of a power generation system that uses an input from the bicycle. Each project team identified specific customer requirements and target specifications during the early phase of design, before developing the final design and before proceeding with the development of a prototype. Table 2 are used for direct measurement of the achievement of learning outcomes. A performance indicator is developed to calculate the percentage of students achieving grades that are deemed to be satisfactory. Students achieving a grade that is greater than the sum of the statistical average and one standard deviation for assignments related to a specific learning outcome from the aggregate of respective assignments are deemed to achieve a satisfactory level. If the calculated percentage of students (i.e. performance indicator) is 75 or above, the learning outcome is considered to have been successfully achieved. As an assessment policy, an investigation is required if the performance indicator falls below 75% for two successive semesters. This is based on an elaborate rubric that has been incorporated in the accreditation self-study documents for the relevant programs. It may be noted that the results of the analysis may change if a different performance indicator is used. However, the overall trends are expected to be similar even with a different performance indicator. The next section presents the results from direct assessment as well as data from selfassessment.
Assessment Results and Data Collection
This section discusses the results from the assessment of learning outcomes performed for the course discussed in the previous section. A direct assessment of each learning outcome is performed by using student performance data from specific assignments and projects (refer to Table 2 ). An alternative evaluation is also performed by using the data collected from a survey completed by the students enrolled in this class.
The data collection was performed in two sections of the course taught by two different instructors during Spring 2014. The data collection was conducted during the fourteenth week of classes in conjunction with the peer evaluation. The questionnaire was completed by participating students by checking one of the five possible responses to each question. The students were given fifteen minutes to perform peer evaluation (shown in the Appendix) and answer questions about the team functioning (results shown in Appendix). Students were asked to respond to the following questions:
1 All the responses are quantified using a 1-5 Likert scale, with 1 representing a very high level of agreement with the statement and 5 representing a very high level of disagreement with the statement. The 1-5 scale allows a quantitative analysis of the data in addition to a general subjective analysis of the responses obtained from the questionnaire. A total of 52 students responded. It may be noted that one section of the class consisted of 32 students and the other section consisted of 24 students. All the data collected from the survey is presented in the Appendix for reference.
The responses to the survey questions are shown in Fig. 1 to Fig. 4 . It can be seen that the percentage of respondents strongly agreeing (Likert scale 1) or agreeing (Likert scale 2) is more than 90 for all four questions about team functioning. Ensuring that the student teams are functioning well can often be challenging since students are mostly used to working on individual assignments. Student responses seem to indicate that there were no significant issues associated with team functioning. Fig. 1 shows that 94% are satisfied with the effectiveness of their multidisciplinary teams (67% strongly agree, Likert scale 1 and 27% agree, Likert scale 2 to Question # 1). The ability of the team to meet deadlines is acknowledged by 90% of the students, as can be seen from Fig. 4 , with 59% strongly agreeing and 31% agreeing to Question # 4. The high level of agreement about the effectiveness of team functioning among students is expected to serve the students well as a preparation for the Capstone project. Although it is acknowledged that students may not have reported such issues as distribution of work or disagreements among the group, overall it appears that the students were able to resolve such issues harmoniously and use the diversity of skills within the team to their advantage.
The results from the direct assessment as per the mapping in Table 2 are shown in Table 3 for all five learning outcomes that are being investigated in this study. These results aggregate the data for the entire group of students registered in the course. The performance indicator, listed in Table 3 , is the percentage of students scoring more than the established metrics in the rubric for the aggregate assignments used to evaluate each learning outcome, listed in Table 2 . An example of a rubric used for this course is shown in the Appendix. As can be seen from the results in Table 3 , the indicator for outcome I is the highest whereas the indicators for outcomes IV and V are relatively low. It is important to note that outcomes IV and V have a performance indicator of 73 ( Table 3) that is below the established departmental limit of 75. This could be attributed to the fact that students were only required to write two papers for these two outcomes. These papers were based on a list of topics (for outcome IV) that were taken from some current technological issues and their impact on social and environmental aspects, and on an in-class presentation given by an industry professional on the need for continuous education (for outcome V). The performance indicators demonstrate that the delivery of the content may not have been effective. In the future, these components of the course will be strengthened by integrating some case studies on issues associated with the impact of technology on society as well as information associated with professional licensure of engineers. These components may also need to be strengthened in other courses in the PBL course sequence.
Discussion and Conclusions
The investigation of learning outcomes in this paper provides an insight into the achievements of the course that has been recently designed to prepare the students for the Capstone project. Student self-assessment of the teamwork involved with this course makes it possible to evaluate the student perceptions. Particularly, it is observed that students have identified the achievement of the learning outcome associated with multidisciplinary teams. This is an important outcome that is often very difficult to accommodate in the engineering curriculum. However, the learning outcomes pertaining to recognizing the impact of engineering solutions and the need for life-long learning have not been achieved to a satisfactory level. This needs to be investigated and course content needs to be adjusted in order to satisfactorily achieve these outcomes. Although the results of this study are preliminary and are limited to a relatively small sample size, the subjective feedback indicates that the students are better prepared for Capstone projects. The student evaluation of team functioning indicates that students appreciate the multidisciplinary aspect of the project. This is expected to help the students when they commence their Capstone projects.
Future work will expand the scope of the study by performing a quantitative analysis of the learning outcomes of this course in comparison with the outcomes of the Capstone design course. These data can be used to evaluate means of improving this course in order to further enhance the preparation for the Capstone project. An evaluation of the PBL courses will also be performed in order to track the progression of some of the common outcomes in these courses as the students go from their freshmen level projects to the senior year. Future work will also include data on the functioning of the teams and team activities that directly contributed to the achievement of learning outcomes. The effectiveness of peer evaluation will also be assessed in the future.
